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VARIATIONS Ill YIELD AND CARBlHYDRATE 
CONTENT OF TWO SEEDED NATIVE GRASSES 
Jimmie D. Dodd 
May 18, 1957 
During the past drought years the farm lands of the Great Plains 
have suffered greatly. The loss of grazing land during this time 
has been extensive, due to wind and water erosion. Tuiuch of this 
land is now being seeded to native grasses . If these grasses are to 
produce a maximum amount of folia.ge prouer handling ill be necess;n•y0 
Tbe purpose of this study was to determine the effects of different 
times of clipping on tte yield a11d carbohydra.te content of seeded 
blue grama (Boute]oua gracilis) and side c1ts grama (Bouteloua 
curtipendula) 
The grasses were seeded on April 18, 1955, on a lowland site. The 
top soil was of a silty clay loam texture. The deficient rainfalJ 
durfog the ~rowing seasons of 1955 and 1956 was supplemented by irrigation. 
The experimental area was divided into plot A (blue 1:,ran~) a7.d 
plot B ( side ats grama) • Each plot was divided into 6 series which 
were further divided into 6 quad.rats . Series 6 and B6 were not 
clipped dur:ing the experiment . Series Al and Bl were first clipped 
on September 1 , 1955, and on the first of each month throughout the 
1956 growing season. Series A2 and B2, AJ and BJ,~ ~nd ', and 
A5 and B5 were first clipped on June 1, July 1, ugust 2, arid Sent.ember 
3, 1956, respectively, and on the first of eacb succeeding month thereafter 
2 
Blue grama was clipped at a height of 2 inches while side-oats grarna 
was clipped at 3 inches. The herbage removed was air dried, weighed 
and converted to pounds per a ere Growth in height was also recorded 
each month 
A sample 6 inches square and 4 inches deep was removed ea ch month 
of the growing season from September, 1955, to November, 1956, from 
the unclipped series· similar sample was removed from each clipped 
series a month following initial clipping. Ascending paper chromatography 
w-as used for the qualitative and quantitative determinations of 
reducing sugars, sucrose, starch , and fructosans from these samples. 
Depth and extent of roots was determined at the end of the experiment. 
Soil moisture was determined periodically, during the 1956 growing 
season, to a depth of S feet. Samples were taken in duplicate and an 
average per cent moisture for the 2 samples was recorded for each depth4 
Range in yield in 19'6 was from 2,324 pounds per acre in series 
A3 to 6,058 pounds in series B5. Lowest yield for side-oats gr?JIJa 
was the 3,229 pounds produced by B2 . 
Carbohydrate reserves followed a pattern closely related to the 
rat of growth Amount stored usually decreased when growth was rapid 
and :increased when it was slow. For example, the total carbohydrate 
content of s6ries Al was 28 8 per cent on July 1, 1956, after a month 
of low growth,, However, growth w::i.::i rapid duri.1g July and it decreased 
to 1540 per cent by August 1~ Series Al reached a peak of 34e8 per 
cent on September 3 and decreased to 23.8 per cent by NoverubPr 2. On 
November 2 series A4 had 19~3 per cent, which was the least 01' all se1·ies. 
Series AS, had 23.6 per cent and the control 31.4 per cent~ 
3 
The carbohydrate content in series Bl reached a peak of 32 . 1 per 
cent on September 3, 1956 , and decreased to 18 . 1 per cent on November 
2. Like blue grama , B4 had less than any other series with 16. 1 per 
cent . Bl had 18. 1 per cent and the control 30. 1 per cent on the same 
dateo 
Sucrose content in both grasses usually increased with the approach 
of dormancy, while starch and fructosans remained approximately the 
same or decreased. The fluctuations in carbohydrates were caused 
mainly by sucrose and fructosans Starch and fructosans were the 
largest contributors to the reserve foods and in most cases made up 
at least 70 per cent of the total~ 
The blue grama crowns removed from the control at the end of the 
experiment weighed 18 . 9 grams and had 736 roots , the longest of which 
penetrated to 62 inches . A crown from Al weighed 14.6 grams and had 
519 r ootso The crown from B6 weigned 41 .4 grams and had 22 rhizomes 
and 1 , 052 roots, the longest of which penetrated to 92 inches ,. The 
crowns from Bl weighed 21 . 8 grams and had 2 rhizomes and 514 roo t s . 
Thus dela.yed clipping not only resulted in in creased yield and carbohydrat e 
content , but also permitted a better development of the root. systems .. 
The effects of early and continued clipping on these newly s~eded 
grasses were r~duced vigor , yield, root reserves, quantity and size of 
roots , and size of crowns 
INTRODUCTION 
During the past drought years the farm lands of the Great 
Plains have suffered greatly. The loss of grazing land during this 
time has been extensive, due to wind arrl water erosion. Much of this 
land is now being seeded to native grasses. This reseeded grassla..Dd 
will need proper handling if it is to produce a maximum runount of high 
quality forage. The establishment of the seedlings will depend on the 
plants' ability to manufacture and store carbohydrates in excess of 
those necessary for current growth . lmy system of grazing that permits 
frequent removal of herbage and thus retards manufacture and storage 
of carbohydrates may result in depletion or destruction of the grass 
(McCarty 1938). 
The productivity of the range land depends largely on the vigor 
and persistence of the herbaceous perennials that are the principal 
forage producing plants of this region. McCarty and Price (1942) re-
port that 
since plants die back near the soil level upon approach 
of winter, it is imperative that they should make proper growth 
and store sufficient food during the growing season to carry 
them through the winter period and to produce initial growth in 
the spring. 
In any system of herbage removal, whether by clipping or grazing, 
it is important to lmow the effects of defoliation upon the herbage yield 
and amount of carbohydrates stored in the underground parts . If a high 
rate of productivity is to be maintained, some knowledge is necessary 
concerning the intensity of use to which each grass species can be 
subjected (Kinsinger 1953). 
2 
The experiment reported herein was an effort to determine the 
influence of different intensities of clipping on the herbage yield 
and carboeydrate content of the roots, rhizomes, and crowns of blue 
(B t 1 ·1· ) 1 d ·ct t (B t 1 t ) grama ou e oua grac1. is an si e-oa s grama ou e oua cur ipendula • 
Both are warm season perennial grasses, but blue grama is classified as a 
short grass and side-oats grama as a mid grass. 
There appears to have been considerable work done on the effect of 
clipping or grazing upon carbohydrate reserves stored in the roots and 
other underground plant parts. However, very little of this work has 
been done in the Great Plains, especial~y with recently seeded grasses. 
It was hoped that indications could be established as to the proper time 
for grazing in respect to yield and carbohydrate content of seeded 
grasses. 
RELATED ::; TUDIES 
Since early times it has been maintai ,ed that if plants were 
supplied with the small amounts of mineral constituents found in the 
ash, the remainder of their substance could be gathered from the 
surrounding air, much knowledge has accumulated concerning the role 
of carboeydrate accumulation and its use in the organism. 
Hanson and Stoddart (1940) in their studies with bunch wheat 
grass (Agropyron inerme) found that heavily grazed plants had 14.33 
1 
Nomenclature of grasses follows Rydberg's 11FlorR of the Prairies 
and Plains of Central North America. 11 
3 
per cent total carbohydrates while protected plants had 17.77 per 
cent. Heavy grazing also reduced root systems, seed production, 
and size and number of plants. 
Sampson and McCarty (1930), worldng with needle grass (Stipa 
pulchra), found an inverse correlation between the annual march of 
the carbohydrates and the growth rate. Ac currmlation of food was 
related to low or declining growth velocity and was most active near 
the close of the annual growth cycle. Grazing or clipping once or 
twice early in the growth cycle had little if any influence on the 
total forage yield and did not prevent the accurrmlation of maximum 
amounts of carbohydrates in the late part of the annual growth period. 
McCarty and Price (1942) found this to be true in grasses and herbs 
of the Wasatch Mountains. McCarty (1938) also found that in mountain 
brome (Bromus carinatus), carbohydrate storage except for the hemi-
cellulose fraction, was inversely related to the rate of growth of the 
herbage. Maximum storage occurred during the autunn period aft er 
current seasonal and secondary herbage growth was complete. The 
starch values exceeded the sugar values in both herbage and basal 
organs. He concluded that starch and sugars were the most potent 
stored foods and were necessary for incipient root and shoot growth. 
Moran et al. (1953) determined starch and sugars in Ladino white 
clover. Defoliation caused a depletion of the carbohydrate reserves in 
both stolons and roots. The depletion was greater when the carbohydrate 
level was high than when it was low. The amount of stored carboeydrates 
was affected by the height and frequency of defoliation. The quantity 
4 
of new foliar growth produced after defoliation was close~y related 
to the level of carbohydrates at the time of defoliation. Grandfield 
(1935) found that ear1y and frequent cutting of alfalfa resulted in a 
relatively low carbohydrate content of the roots. Bukey and Weaver 
(1939), working with big bluestem and little bluestem (Andropogon 
scoparius and Andropogon gerardi) found a marked decrease in the 
percentage of invert sugar and hydrolyzable material when these 2 
prairie grasses were clipped severely. 
Sullivan and Sprague (1949) found that perennial ryegrass 
(Lolium perenne) roots underwent rapid losses in sucrose and fructosans 
during the early part of a greenhouse experiment on the effect of 
temperature, but these losses were partly replaced later under low 
temperature conditions. Sullivan and Sprague (1953) also found that 
sucrose and fructosans were highest in orchard grass (Dactylis glomerata) 
which was low in nitrogen. 
Graber (1931) found that root growth and top growth of several 
grasses varied inversely with the frequency of defoliation. The carbo-
hydrate reserves became a limiting factor if regeneration of top 
growth was stimulated by abundant nitrogen after frequent removal. 
Graber et al. (1927) studied the responses of alfalfa and several 
other herbaceous plants to the removal of foliage and found a reduction 
in both root and top growth following frequent defoliation. Winter 
injury also increased with frequent defoliation and low concentrations 
of reserve materials in the roots. New growth was started after each 
defoliation at the expense of root reserves. If these reserves were 
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not replaced between clippings, the amount of new growth diminished. 
Albert (1927) found that the percentage of nitrogen and re-
serve carbohydrates in alfalfa roots tended to be lower in plants cut 
at inrrnature stages than in those cut when mature. They contained little 
starch but were relatively high in sugars in spring and fall. The reverse 
was true in the summer. 
METHODS OF STUDY 
The experimental plot was located 0.5 miles west of Ha;ys, Kansas, 
on the Fort Hays Kansas State College farm (Fig. 1). The study area 
consisted of 2 plots, each of which was divided into 6 series 3 feet 
apart. Each series contained 7 rows 8 inches apart and 28 feet long . 
The series were divided into meter-square quadrats. The outside row in 
each series was considered a buffer and was not used for data. The blue 
g~ama seed was obtained from the local Soil Conservation Service and had a 
germination of 23.0 per cent. The side-oats grama seed was produced on 
the college farm and had a germination of 79.0 per cent. The grasses were 
seeded on .Apri l 18, 1955. The plants were thinned to l plant every 4 
inches during August of the first year and to 8 i nches at the beginning 
of the second growing season. Throughout the experiment competition 
from weeds was reduced to a minimum by hoeing and the use of 2, 4 dichloro-
phenoxyacetic acid. 
Each series was clipped at various tire throughout the growing 
seasons as shown in Table I . The control series, A6 and B6, were not 
clipped . The blue grama plot (A) was clipped by hand at a height of 
6 
2 inches, and the side-oats grarna plot (B) was clipped at J inches to 
simulate moderate grazing. The herbage was air dried, weighed, and 
converted to pounds per acre. 
Textural analyses were made on soil samples removed from the 
soil surface, at a depth of 6 inches, 12 inches, and each succeeding 
foot to a depth of 5 feet. These samples were analyzed according to 
the Bouyoucos method (Bouyoucos l936). Soil moisture determinations 
were made each month during the second growing season. Samples were 
taken from Oto 6 inches, 6 to 12 inches, and from each succeeding foot 
to a depth of 5 feet. Moisture content was determined by drying for 
24 hours at 105°c. 
The trench method was used to study the development of roots of 
an individual plant in each control series at the end of each grow.Lng 
season (Weaver 1919) • .After excavation, the depth and lateral spread 
of the roots was determined by removing the soil from around the roots 
with an ice pick. Notes were taken on the growth and development of 
the crowns, rhizomes, and top 4 inches of roots each month. An average 
of 5 crowns from each series were studied during the first season while 
1 representative crown from each series was studied during the second 
season. 
Samples were removed from each series for chemical analysis 1 
month following the initial clipping (Table I). The samples were taken 
from a block of soil 6 inches square and 4 inches deep containing the 
crowns, rhizomes, and roots. Soil was removed with a fine sprey of 
Figure 1 . General view of experimental area during the 
second growing season showing blue grama in 
the f oreground and side- oats grama in the 
background . 
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Table I. Dates of clipping foliage (X) and removing 
samples for carbohydrate analys:i.s (0) 
TREATMENTS 
Date Al and Bl A2 and B2 AJ and BJ .Ah and B4 A5 and B5 
Sept. 1 51 X 
Nov. 4 55 0 
June 1 56 X 0 X 
July 1 56 X 0 X 0 X 
Aug. 2 56 X 0 X 0 X 0 X 
Sept.3 56 X 0 X 0 X 0 X 0 X 
Nov. 2 56 0 0 0 0 0 
8 









water . The plant parts were blotted dry, placed in an oven at 90°c. 
for JO minutes, and finally dried f or 14 hours at 70°c . Preparation 
of the material for drying was usually completed within 2 hours after 
its removal from the field. Following the grinding of the samples, 
0 they were again dried at 80 C. for 4 hours and stored in air-tight 
glass bottles (Loomis and Shull 1937) . 
The carbohydrates determined were reducing sugars, sucrose, 
starch, and fructosans. Accardi. ng to Bacon and Edelman (1951, as 
discussed in Paech and Tracey 1955 ) the fructosans comprise a group of 
reserve polysaccharides fou nd in angiosperms. They may constitute the 
sole reserve polysaccharide of the plant or occur along with starch. 
In grasses, fructosans were found distributed throughout the plant as 
reserve polysaccharides. They were hydrolyzed by dilute acid and 
identification of the resulting fructose was possible. 
A 3-gram portion of each sample was used for the complete carbo-
hydrate analysis. The reducing sugars and sucrose were extracted from 
3 grams of the finely ground material mixed with 2 grams of calcium 
carbonate and an excess of 80 per cent ethyl alcohol. The solution 
was heated on a hot plate below boiling and stirred continuous].,v for 
1 hour . It was then filtered and the remaining residue was covered 
with an excess of dO per cent ethyl alcohol, heated, and stirred for 
an additional JO minutes. The solution was again filtered, and the 
filtrates were combined and cooled. If any precipiate formed, further 
filtering was ne cessary . The filtrate was finally placed in an 
evaporating dish on a hot plate and heated until the alcohol was all 
evaporated. It was sometimes necessary to add distilled water to 
keep the filtrate from becomin8 dry (Williams and Bevenue 1953). 
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The starch and fructosans were extracted from 1 gram of the 
residue remaining after the reducing sugars and sucrose had been 
extracted. They were extracted with 30 ml. of 0.25 per cent oxalic 
acid for 1 hour at about 8o0 c. The solution was then filtered under 
suction and the residue washed with 12 ml. of hot water. Five drops 
of Taka-Diastase were added to 1 ml. of the filtrate at 45°c. to com-
plete hydrolysis (Spra.gue and Sullivan 1950). 
A modification of Williams' method for ascending paper chromato-
graphy was employed for the determination of reducing sugars, sucrose, 
and the starch and fructosan hydrolyzed products (Williams 1948, as 
discussed in Block et al. 1955). The equipment used for this method 
consisted of an air tight chamber of suitable size,a frame of glass to 
support the paper chromatograms, and a trough to hold the developing 
solvent. Filter paper sheets were used as the i11ert support for the 
substances being analyzed. The filter paper chromatograms were 10.5 cm. 
wide and 35 cm. long. Known standards of sucrose, fructose, and glucose 
were run in triplicate. Each sugar was run at various percentage levels 
and the resulting Rf values and areas were recorded. 
Spots of the unknown filtrates, 4 microliters in quantity, were 
placed 3 cm. from the base of the paper and 2 .5 cM. apart. They were 
replicated 3 times. The spots containing the hydrolyzed products of 
starch and fructosans were dried for 5 minutes with a heat lamp, the 
other spots were air dried for 15 minutes before being suspended in an 
11 
irrigating solvent of butanol: pyridine: Water in a v/v ratio of 
6:4:J, respectively. The chromatograms were allowed to develop for 
8 hours in an air tight chamber at a constant temperature of 40°c. 
Upon completion of development, they were removed from the chamber 
and dried w.i.th hot air for 20 minutes. The chromatograms to be used 
for the determinations of reducing sugars, hydrolyzed starch and 
bydrolyzed fructosan were sprayed with a solution of aniline oxalate. 
This solution contained 0.05 N solution of oxalic acid with 0.9 ml. of 
aniline per 100 ml. of solution. The chromatograms were then dried in an 
oven at 105°c. for 20 minutes. The resulting spots were brown on a light 
tan background. The chromatograms to be used for sucrose determination 
were sprayed with a solution containing 0.5 grams af resorcinol and 2 ml. 
of concentrated bydrochloric acid to 100 ml. of ethanol. The chromatograms 
were then dried in an oven at 88°c. for about 5 minutes. The resulting 
spots were reddish-brown on a white background, fading on standing to 
gray spots on a white background. 
The qualitative determinations were made by comparing the Rf value 
of the sample with that of lmmm sugars . Rf values were determined by 
dividing the distance the unknown spot moved by the distance tbe solvent 
front moved. 
The quantitative determinations were made with a Photo-volt 
densitometer. The areas obtained for the lmown standard sugar solu-
tions were plotted on seIQi-log paper and were used in the determinations 
of the quantity of the unlmown samples. The light transmission curves 
were plotted on graph paper, and a base line was drawn at the best 
12 
apparent position (Fig. 2). The areas under the curves were then 
determined with a planimeter. In the curves that showed slight over-
lap, the correct dividing line was approximately that drawn from the 
lowest point of the valley between the peaks of the curves perpendicular 
to the base line. The resulting area was recorded and compared to the 
area of a lmown standard plotted on semi-log paper, and a direct reading in 
percintage was obtained f or the reducing sugars and sucrose. Since the 
starch and fructosans had been eydrolyzed, the dilution factor and the 
conversion factor of 0 .9 had to be calculated before the true percent-
age could be obtained. Accuracies of '! 5 per cent have been obtained 
with this method (Block et al . 1955). 
ENHRONMENT AL CONDI IT ONS 
The top soil of the experimental plot was dark brown in color and 
extended to a depth of approximately 15 inches. It had a good granular 
structure and was of a silty clay loam texture (Table II). Beneath this 
was a yellowish-brown transition layer which extended to about 26 inches . 
The typical subsoil, which was yellow in color and of a prismatic 
structure, occurred from about 26 to 50 inches . The prisms averaged 
2.5 inc hes in diameter and 6 inches in length. The lime layer began 
at 26 inches and extended to a depth of 60 inches . This layer consisted 
of heavy white streaks throughout the subsoil with heaviest deposits at 
about 42 inches. The cley content varied from 31.3 per cent near the 




The light transr:ussion curves for a sample containing: 
(1) fructose, (2) glucose, (3) sucrose, and (4) an 
unidentified sugar. 
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Table II . The results of mechanical analyses of the soil 
from the experimental plot 
Depth in inches at which samples were taken 
Surface 6 12 24 36 48 60 
~and ;:,,() .05 mm . 20.0 14.o 16.0 6.6 5. 3 5.3 5.6 
Silt 0.05-0.002 Li8. 7 54 .7 48.7 49.4 49.1 49.1 37 . 7 
Cl ay L,.0.002 31.3 31.3 35 . 3 44.0 45.6 45.6 56.7 
-
1.5 
This high clay content resulted in the presence of many cracks up 
to 0.2.5 inch in width when dry. The concentration of lime along the 
edges of these cracks was heavy. 
The 86-year precipitation average at Ha;ys, Kansas, is 23.0.5 
inches, of which 18.03 inches fall during the growing season, Apri l 
to September, inclusive. The precipitation, average temperature, 
and departure from normal for the growing season of 19.5.5 and 19.56 are 
presented in Table III. Low precipitation and high temp:3ratures re-
sulted in poor growing conditions during the study. The temperature 
was over 100°F. for 26 days in 19.5.5 and 3.5 days in 19.56. The low 
precipitation was compensated for by irrigation water applied as 
necessary to keep the grass from becoming completely dormant. 
There was never an anple supply of soil moisture at the lower 
depths during 19.56. Irrigation water did not reach below 3 feet and 
soil moistures fluctuated very little below this depth. On September 
29 the soil from 36 to 48 inches contained 011ly 9.1 per cent and from 
48 to 60 inches 11.3 per cent. Up until this time the soil moistures 
from 36 to 60 inches had ranged from 13.6 to 17.9 per cent. There was 
very little soil moisture in the top 3 feet after June 11. Up to this 
date the soil moisture had ranged from 9.3 to 23.8 per cent. From June 
11 to September 29 the soil moistures in the top 3 feet varied from 6.7 
to 17.2 per cent (Table IV). The above data represents total moisture 
content. However, the hygroscopic coefficient for an adj acent pasture 
area with a similar soil type is 11 to 14 per cent (Albertson and 














Table III. Precipitation, average temperature, and 
departures from normal for growin~ seasons 
of 195.5 and 19.56 at Hays, Kansas 
19;,;, 
Precipitation Irrigation Departure Average 
(inches) (inches) from 11emperature 
Normal 
3.0 0 o.8 .57.2 
2 • .5 o.5 -0.5 6.5.1 
3.7 0 -o.4 69.9 
2.1 1.3 o.5 83 .2 
o.5 11.0 804 79.9 
7.6 1.8 7.6 70.6 
1956 
1.3 0 I 48.6 -0. 9 
I 1.4 0 -2.1 65 .8 o.4 o.5 -3.2 78.o 2.8 2.5 2.4 78.8 
1.1 4.5 2o) 80.0 

































Table IV. Total soil moisture at various depths in the 
experimental plot during the 1956 groWing 
season 
DEPTH IN INCHES 
0-6 6-12. 12- 24 24-36 36-48 
23 .5 23.9 20.7 19.0 17.6 18.4 20 .4 19 .4 17.8 15.1 19 . 7 20.8 19.6 18.5 16.9 20 .4 20.6 20.1 16.9 16.7 
17 . 3 14 .9 17.7 15.8 14.9 12 .1 13. 4 17.3 17.7 15.7 12 .6 9.3 14.3 14.4 14.5 6.7 9.1 11.1 14.1 15.1 















excess of the hygroscopic coefficient is available, it is apparent 
that little was available for growth . 
RESULTS 
18 
It was necessary to mulch and irrigate the plots after seeding 
in order for the seeds to germinate and start growth . The first plants 
emerged on May 4, 1955, 15 days after planting, but germination was not 
complete for over a week. 
Growth was quite slow until after the middle of July, but from 
July 11 to September 1 t he height of blue grama increased from 2.9 to 
4.0 inches. During this same period side-oats grama increased from 
3.8 to 6.2 inches. Restoration of soil moisture during the fall and 
winter enabled the grasses to make rapid growth during the following 
spring. 
HERBAGE YIELDS 
Blue Grama. Series Al of the blue gr ama plot was clipped on 
September 1, 1955, near the end of the growing season (Table I), and 
yield was at the rate of 190 pounds per acre. Growth was resumed 
follomng clipping, but it was slower than the unclipped series when 
d'ormancy occurred (Ftg!-.3). 
This series was again clipped on June 1, 1956, when it produced 
596 pounds. On this date series A2 was clipped for the first time and 
yielded 568 pounds. This would indicate clipping the previous fall had 
not hurt the early growth of the grass in series Al, which averaged 5 inches 
19 
Figure 3. Unclipped blue grama (left) compared to plant 
clipped on September 1, 1955, (right) as they 
appeared on October 1. Note the sparse seed 
stalks on clipped plant. 
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in height while that in series A2. was 4 inches. 
On Ju]y 1 the grass in series A3 had a height of 7 inches, while 
that in Al and A2 which had been previous]y clipped was 2 inches (Table V). 
beries A3 produced 496 pounds per acre as compared to 180 for Al and 148 
for A2.. At this time the grasses in all series were suffering from lack 
of moisture . There were some seed stalks present in the boot, but none 
had emerged. 
None of t ne plants was dormant on August 2 and all had seed stalks 
present. The grass in series Al+ had the great est number of seed stalks and 
was also the tallest. Series Al, which had now been clipped a total of 4 
times, was 5 inches tall with seed stalks 9.5 inches tall. Series A2, 
clipped twice, was 6 inches tall with seed stalks 11 inches tall. The 
height of seed stalks in series AJ and Al+ was 12 and 15 inches, respectively. 
The yield was 1,185, 1,093, 1,084, and 1,839 pounds per acre for series 
Al to Al+, respective]y (Table VI) . 
On beptember 3 series Al yielded 697 pounds per acre. Despite 
the fact that it had been clipped 4 times previous]y, the yield compared 
favorab]y with that from the other clipped series. However, A5 produced 
more than 4 times as much as series Al, A2, or AJ (Table VI). During 
August, the center of the crowns in the Al series began to die, although 
there was little difference in the crown development of the other series. 
Foliage heights ranged from 3 to 12 inches with the maximum occurring in 
the series not yet clipped (Fig. 4). All series contained a large nu.mber 
of seed stalks which averaged 7 to 16 inches jn height. 
-
21 
Table V. Growth of blue grar.ia in inches during 1956 
TREATMENT 
Date Al A2 A3 Al+ A5 A6 
I 
June 1 5.o 4.o 
July 1 2.0 2.0 7.0 
August 2 5.o 6.o 6.o 9.0 
September 3 3.0 5.o 6.0 11.0 12.0 -- --









Table VI . Yield of blue grama foliage in pounds per acre 
during 1955 and 1956 
Sept. 1 June 1 July 1 Aug. 2 Sept. 3 Total Yield '55 '56 '56 '56 '56 '56 
-
190 596 180 1,185 697 2,658 
568 148 1,093 602 2,411 
496 1,084 744 2,324 
1,839 869 2,708 
3,000 I 3,000 
I I I 
Figure 4. Unclipped blue grmna plant (left) compared to a 
plant clipped 4 times (right) as they arpeared 
on September 3, 1956. Note the large number of 
seed stalks on the unclipped plant. 
23 
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The range in total yield for plot A in 1956 was from 2,324 to 
3,000 pounds per acre (Table VI) . Series Al yielded 2,658 pounds per 
acre in 1956. Dela;y-ed clipping of A5 until the end of the growing 
season allowed the grass to grow continually without interruption. In 
all cases the largest yields were produced in July and l&ugust. Over 
60 per cent of the yield from series Al, A2, and AJ resulted from growth 
during these 2 months (Table VI). 
Side-Oats Grama. The grasses in plot B were clipped on the same 
dates as those of the rorresponding series in plot A (Table I). After 1 
season of growth the yield from series Bl was at the rate of 196 pounds 
per acre. Growth was resumed after the September first clipping, but on 
October 1 the clipped plants were shorter and had produced fewer seed 
stalks than the unclipped plants (Fig . 5) . 
This series was clipped again on June 1, 1956, when the grass was 
7 inches tall. Yield was 748 pounds per acre. Series B2, clipped for 
the first time, was 8 inches tall and produced 727 pounds •. Thus, the 
results of clipping at the close of the first growing season were 
similar in both blue grama and side-oats grama. 
On July 1 the grass in series BJ was 12 inches tall while that in 
Bl and B2, which had been previous~v clipped, was 6 inches tall (Table VII). 
,Series B3 produced 1,220 pounds per acre while series Bl and B2 produced 
543 and 430 pounds, respectively (Table VIII). 
On August 2, series Bl was 6 inches tall with seed stalks 17 inches. 
Series B2 was 7 .o inches t·all. The height of seed stalks in series B2, 
25 
Figure 5. Unclipped side-oats gr ama plant (left) corr~ared to 







Table VII . Growth of s ide-oats grama in inches during 1956 
TREATMENT 
Bl B2 BJ B4 B5 B6 
7 8 
6 6 12 
6 7 8 12 
eptember 3 -2 5 8 13 14 -
Total 
I 24 26 28 21 13 14 
-
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BJ , and B4 was 19, 19 , and 24 inches, respectively. Series B4, as 
yet unclipped, was 12 . 0 inches tall . The yields were 1,444, 1,206, 
1,385, and 3,752 pounds f or series Bl to Bi.i, respectively . Series Bl 
again produced more than series B2 and BJ . This was also true in the 
corresponding blue grama series. 
On September 3 series Bl yielded 859 pounds per acre . Yields 
f or B2 , BJ , B4 , and B5 were 876, 1,241, 1,181, and 6,058 pounds, 
r espectively (Table VIII) . During August , the center of the crowns 
in the Bl series began to die, but there was little difference in the 
crown development of the other series . Foliage heights at this time 
ranged from 5 to 14 inches with the maximum occurring in the series 
not yet clipped. A large number of seed stalks 16 to 26 inches in 
height were present in all series (Fig. 6). 
Series .ol had a total yield of 3, 593 pounds per acre for the 
growing season of 1956; this was 355 pounds greater than B2, but 253 
pounds less than BJ . Series B4, althoub1 clipped only twice, pro-
duced 4,933 pounds while series B5 , clipped only at the close of 
the second growing season, produced 6,058 pounds. Clipping onJ.,..,v 
at the close of the second growing season had the same effect as was 
exhibited by the corresponding blue grama series . 
The pattern of yield in side-oats grarna was the same as in blue 
grama. The largest yields were produced in July and August . Over 65 
per cent of the yield f rom series Bl , B2 , and BJ resulted during these 








Table VIII. Yield of side-oats grama foliage in pounds 
per acre during 1955 and 1956 
Sept. 1 June 1 
155 
July 1 Aug . 2 Sept . 
196 748 543 1444 859 
727 430 1206 876 












Figure 6 • .An unclipped side- oats grama plant (right) compared 
to a plant clipped 4 times (left) as they appeared 
on September 3, 1956. 
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The blue gram.a and side-oats grama clipped onzy once during 
the 1956 season had an exceptionally high yield when compared to the 
clipped pl ants . This high yield was probably the result of irrigation 
at intervals throughout the growing season. 
CARBOHYDRATE CON'IENT 
The spots of the carboeydrates on the filter paper chromatogra~1 
present in the samples were well separated and easizy identified by the 
use of Rf values (Fig. 7). Fructose and glucose both moved a greater 
distance than did sucrose or an unidentified sugar which had an Rf value 
lower than any of the known s t andards (Table IX). Fructose moved the 
greatest distance, foll cwed in order by glucose, sucrose, and the 
unidentified sugar. As indicated by the Rf values, fructose and 
glucose were close together, but were easily separated into individual 
spots with the aid of a Photo-volt densitometer. 
Blue Orama. There was a great deal of fluctation in the total 
carboeydrates of the various blue grama series throughout the growing 
season (Fig. 8). 1 The amounts of total readizy available carboeydrates 
of the underground parts in the control quad.rats varied inversely with 
the rates of growth. When rapid growth was taking place under favorable 
conditions, the plants used both stored and currently synthesized 
1Total readily available carbohydrates refers to the sum of the 
reducing sugars, sucrose, fructosans, and starch. 
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Figure 7. A developed chromatogram showing : (1) fructose, 
(2) glucose, (3) sucrose, and (4) an unidentified 
sugar. 
FORSYTH Ut3K;\KY 
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The R values multiplied by 100 obtained for 
fru.cttse, glucose, sucrose, and the unidentified 
sugar using a solvent of butanol-pyridine-water 
in a v/v ratio of 6:4:3 respectively, and develop-
ed at 4o0 c, for 8 hours 
Rf VALUE X 100 
50.0 - 55.6 
45.5 - 49.9 
30.5 - 33.4 
13.2 - 14.4 
·% 
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Figure 8. Per cent total carboeydrates for each blue grmna 
series throughout the experiment. Control (solid 
line), Al (short dashes), A2 (alternate long and 
short dashes), AJ (alternate long dashes and dots), 
.Ali (long dashes), and A5 (X). 
carboeydrates. This is in accordance with data found by McCarty 
(1938) working with Bromus carinatus. 
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This pattern was changed by the stimulus of clipping. There was 
a consistent decrease in total available carboeydrates during the month 
following the initial clipping, but a large part of this loss was always 
gained back the second month after clipping. The fluctuation throughout 
the growing season was due mainly to changes in sucrose and fructosan 
content (Table X). 
The control ( series .A6) was not clipped. The carboeydrate content 
decreased 31 per cent from September 1 to November 4, 1955, when it was 
13.7 per cent (Fig. 8). This decrease continued until the early spring 
growth was completed on about June 1, 1956. Carboeydrates then increased 
throughout the second season. There was a 53 per cent increase during 
June when growth was slow. During July', when growth was rapid, the 
increase in total carbohydrates was only' 14 per cent. On September 3 
the total carbohydrate content was 24.4 per cent. However, during the 
period of slow growth and approaching dormancy , there was an increase 
to 31.4 per cent. 
On September 1, 1955, series Al had a total carbohydrate content 
in the crowns and roots of 19.8 per cent. It had produced only' 190 
pounds of foliage, but had stored a f airzy large amount of carbohydrates. 
By November 4 the carbohydrates had decreased to 11.7 per cent. This was 
undoubtedly' due to use of stored reserves for renewing growth after the 
initial clipping. The drop in carbohydrates was due mainly to a 69 per 
cent decrease in sucrose. 
_......, ___ -- ... ---- r-- _____ __,,o_. ~~ ---- ....... ______ --o-, -- --- - -- - ., u- -
and fructosans in each blue grama series 
Date Unidenti- Fructose Glucose Sucrose Total Starch Fructosans 
fied sugars 
Series 1U 
9-1-55 0.2 0.2 0.1 8.1 It 8.6 4.9 6.3 
11-4-55 0.1 0.2 0.2 2.5 3.0 4.2 4.5 
6-1-56 0.1 0.2 0.2 2.0 2.5 4.8 4.5 
7-1-56 0o3 0.3 0.3 7.0 7. 9 7.5 13.5 
8-2-56 o.3 o.6 o.4 2.9 4.2 5.4 5.4 
9-3-56 0.3 0.3 0.2 3.8 4.o 10.8 19.1 
11-2-56 o.5 0.2 0.2 5.2 6.1 8.J 9.5 
Series A2 
6-1-56 0.2 0.2 0.2 J.5 4.1 4.8 4.9 
7-1-56 0.2 0.2 0. 2 4 o L 4. 8 4.2 4.5 
8-2-56 0.2 0. 2 0.2 3.7 4.3 7.2 11.7 
9-3-56 0.1 o.5 0.4 5.4 6.4 5.4 13.5 
11-2-56 0.2 0.3 0.2 6.8 7 .5 4.9 6.6 
Series A3 
7-1-56 o.4 0.2 0.2 4.1 4.9 5.2 9.0 
8-2-56 0.3 0.2 0.2 4.6 5.3 5.4 6.3 
9-3-56 0.3 o.4 o.4 5.4 605 6.3 9.5 
11-2-56 o.4 o.5 o.4 1.3 9.1 5.6 6.3 





















































Table X. (Continued) The percentage of unidentified sugar, fructose, glucose , sucrose, 
starch, and fructosans in each blue grarna series 
Uniden- Fructose Glucose Sucrose Total Starch Fructosans Total tified sugars hydrolyzed 
CHO 
Series A4 
0.3 0.2 Oo) 5.4 6.2 6.o 9.6 15 .5 0.4 0.3 0.3 4.0 5 . o 5.4 6/3 11.7 0.3 o.5 o.4 5.8 7o0 6.o 6.3 12.3 
Series A5 
0.4 0.3 0.2 8.4 I 9.3 6.3 8.8 15.1 0.3 0. 3 0.2 11.5 12.3 4.9 6.3 11.3 
Series A6 
















Total carbohydrate content on June 1, 1956, was 11 . 7 per cent, 
the same as on November 4 of the preceding fall. Growth had begun about 
April 20 and there was probably some storage occurring; although it 
would be expected that rapid growth at this time of year would prevent 
the accumulation of much carbohydrate material. The reducing and non-
reducing sugars amounted to only 2.5 per cent, which was their low point 
for the entire experiment (Table X) . There was little additional growth 
during June. Precipitation was 3.2 inches less than normal while tempera-
ture was 3.8° above nor111al, resulting in poor growing conditions. However, 
this decrease in growth was accompanied b if an increase in total carbo-
hydrates to 28.9 per cent. Sucrose and fructosans increased 250 per 
cent and 200 per cent, respectively; and were mainly responsible for the 
increase in carboeydrates (Table X). 
During July growing conditions were again favorable 2.nd resulted in 
an increase in yield and a decrease in carbohydrate content to 15 per cent 
by August 2. This decrease was again due mainly to sucrose and fructosa:ns. 
The unclipped series contained 21.7 per cent carbohydrates, but series A3, 
clipped once prior to this, contained only 17.0 per cent. 
Series Al reached a peak in carbohydrate content of 34 . 5 per cent 
on September 3. This was more than was present in ar:iy other series during 
the entire experiment . The major part of the increase was due, in this 
case, to fructos ans and starch. This increase was ac?ompanied by a 
corresponding 41 per cent decrease in foliage yield (Table VI) . Series A4, 
clipped only once prior to this date, contained onl.,v 16.7 per cent 
ar' ~-l a·es. a..--nples f 
afte t1 e 5 _ ciss e 
ser ies Al h ecre 
.,.o a de rease in in tos s . h ' ~r 
the fall of t 1e -ear c u1 res1.1l't i 
This series w cover 0 aber 1 ~7) . 
hycrates than the 1 s ries . b t c nt 
ti l -in t l l 1 Series A'2_, clipped f r th fir 
cent arbo' ct.rates s oTTJ..ared t 11.- r c nt . ·i. 
fructosans made up 71 per ent the t t ·u. Yi 1 :l f , m 
u . 
this series differed little fr m that i s rie Al wh · 1 h :l ,n 
for the first time on September 1, 1o~c:;'. lipoin· p ' 1t. 
little effect on the plants as the t tel carb by 
on c.Tuly 1 differed but sli 0 htl..,v from thnt of t,h pr vi u m~ nt 1 . T 1 
carbotwdrate content was 29 .o per cent les than in t,h 
per cent less than in series Al . (Fia . 8) . 
By August 2 Series A2 had ac umul t"d a 'al bol 
23 . 3 per cent, of which st- ch and fructosans made up 
1..ntr0l, 
11' t on Lt 1l, 




the same time series Al had only 1s .o per cent c •bol rdrat whil th 
control contained 21 . 7 per cent . Even with thi r lativ lm ffitl 
of stored carbohydrates, a yield of 1,093 pound r 1-n· du 
This is contrary to the i.:eneral pattern, sine- d ,1· ,a .. in 
was nearly always accompanied by a hin;h yi ld . Bow v r, clurln• ,luly, 




temperature was 1 . 8° below normal . As in all other blue grarna series, 
there was an increase in total carbohydrates the second month following 
clipping . 
On September 2 series Al and A2. had a foliage height of 3 inches 
as compared to 6 inches for .Al.i, clipped only once prior to this time. 
This indicated that continual clipping was lowering the vigor and growth 
was becoming slower. However, this proved to be the month that series A2 
reached a peak in carbohydrates of 25 . 3 per cent which was more than in 
any other except Al (Fig . 8) . At this time starch and fructosans made 
up 75 per cent of the total . During the past month the yield of series 
A2. decreased 69 per cent while carbohydrates increased 9.5 per cent . 
On November 2 carbohydrates for series A2. had decreased by 24 per 
cent . Starch and fructosans had decreased 9 and 51 per cent, respectively, 
and sucrose had increased 26 per cent. It may be significant that plants 
clipped often throughout the growing season suffered a loss in polysaccharides, 
starch and fructosans , while the non- reducing sugars, and sucrose increased 
with the approach to dormancy. 
Series AJ, initially clipped on July 1 produced less foliage 
during the second season than either Al or A2 (Table VI). At the tirae 
of dormancy carbohydrate content was about the same as i n Series Al 
and A2 but 31 per cent lower than the control. This indicates 
that clipping during the middle of the second growing season 
r e tarded the storage of carbohydrates . This is reflected again 
in series .Al..i , clipped for the first time on August (Table X) . 
Although foliage yield was high, being second only to that of series A5 
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clipped for the first time on September 3, carbohydrate content was 
low. It was 3~ per cent lower on September 3 than the control. How-
ever, some of this loss was regained before the plants entered dormancy 
since there was 19.3 per cent on November 2 (Fig . 8). 
Series A5 was not sampled for carbohydrates until November 2 when 
it had 23.6 per cent carbohydrates. This was almost the same as at the 
time of clipping. The fact that this loss was so slight may have been 
due to failure to resume growth after clipping. However, it had 25 per 
cent less than the control and anpro.ximately the same as series Al. 
As can be noted in Table X, the percentage of sucrose present 
in all blue gram.a series increased with the approach of fall dormancy. 
The greatest increase was 78 per cent in the control as compared to 
37 and 26 per cent, respectively, in Al and A2.. This increase was 
nearly always accompanied by a decrease in starch and fructosans. 
8ide-Oats Gram.a. The carbobydrate ~ontent of this grass followed 
much the same pattern as did that of blue grama; the only exception was 
that during the month following the initial clipping, it either increased 
slightly or remained about the same. Fluctuations in carbohydrates of 
the clipped series, as in blue grama, were due mainly to sucrose and 
fructosans. The same general pattern of high foliage yield and low 
carboeydrates was in evidence; although it was not as pronounced as with 
blue grama (Table XI). The carbohydrate content of tre control fluctuated 
more than in the corresponding blue grama series. 
In the control series (B6) the total carbohydrate content increased 
41 
from 16.8 to 19.1 per cent from September 1 to November 4, 1955. It then 
decreased to 14.6 per cent by June 1. At the end of August, after 2 months 
of rapid growth, it was only 16.7 per cent (Fig. 9). During the next 2 
months when growth was slow carbohydrates increased 81 per cent, and 
by November 2 it contained more than any series. At this time starch 
and fructosans made up 54 per cent of the total. This is a inc ·ease of 
46 per cent since September 3 (Tsbl~ XI). During this same period, sucrose 
increased 200> per cent. 
The grass in series Bl, clipped at the close of the first growing 
season, was 6.0 inches in height and produced 196 pounds of foliage per 
acre. It had a total carbohydrate content of 16.9 per cent of which 67 
per cent was starch and fructosans (Table XI). However, on November 4, 
1955, after the grass had entered dormancy, it had a carbohydrate 
content of 13.0 per cent, which was 32 per cent less than the control 
(Fig. 9). Sucrose made up 20 per cent of the total in the clipped series 
and 26 per cent in the control. The loss suffered by series Bl prior 
to entering dormancy was probably due to additi onal growth largely from 
reserves. The grass was then unable to replenish its carbob;:rdrate supply 
prior to dormancy. The cause for this may have been rapid growth due 
to precipitation during September. 
By June 1, 1956, the total carbohydrate content of series Bl had 
increased to 21.9 per cent. This is compared to 11.7 per cent in the 
corresponding blue grama series. The increase in carbohydrates by side-
oats grama indicates that they were being produced in P-xcess of those 



















Table XI. The percentage of unidentified sugar, fructose, glucose , sucrose, star ch, 
and fructosans in each side-oats grama series 
Uniden- Fructose Glucose Sucrose Total tarch Fructosans Total Total 
tified Sugars hydrolyzed CHO 
CHO 
Series Bl 
0.1 0.2 Oo2 5.1 5.6 5.o 6.3 11.3 16.9 
0.3 0.3 0.3 2.6 3.5 4.1 5.4 9.5 13.0 
0.3 0.3 0.3 3.0 3.9 6.J 11.7 18.0 21.9 
0. 2 0. 2 0.3 2. 8 J.5 4.5 4.8 9.3 12.8 
0. 2 0. 2 0.2 5.3 5.9 5.0 9.5 14.5 20.4 
0.3 0.3 0.2 5.9 6. 7 9.9 15.6 25.5 32 .2 
0.3 0.2 0.2 4.9 5.o 5.o 1.s 12 .5 18.1 
Series B2 
0.1 0.2 0.2 1.9 2.4 5.o 7. 2 12.2 14.5 
0.3 o.Lr 0. 2 5 .4 6.3 6.9 9.6 16.5 22.8 
0.2 0.2 0.2 4.5 5.1 5.9 9.5 15.4 22.5 
0.3 o.5 0.3 5. 3 6.4 6.o 13.5 19.5 25.9 
0.3 0.3 0.3 5. 3 6.2 5.0 15 .8 20 .8 21 .0 
Series BJ 
o.L~ 0.2 0. 3 4.1 5.o 5.o 6.3 11.3 16.3 
0. 2 0.3 0. 3 4.3 5.1 4.3 6.J 10.6 15.7 
0.3 0. 3 0.3 7.6 8.5 5.5 13.5 19.0 27 .5 
0. 3 0.3 0. 2 9.0 9.8 5.0 9.5 14 .5 24.3 














Table XI . (Continued) The percentage of unidentified sugar, fructose, glucose. 
sucrose , starch, and fructosans in each side-oats grarra 
series 
Uniden- Fructose Glucose Sucrose 'I'otal Starch Fructosans Total 
tified .Sugars hydrolyzed 
CHO 
Series B4 
0.3 0.2 0.2 5.o 
I 
5.7 6.3 6.3 12.6 
0.2 0.3 0.3 4.2 5.o 5. 7 13.5 19.2 
0.3 0.3 0.2 5.2 6.o 5.6 4.5 10.1 
Series B5 
o.4 0.3 0.2 4. 6 I 5.5 5.o 6.3 11.3 0.3 1.4 1.4 10.9 14.0 4.8 6.3 11.1 
Series B6 
0.1 0.2 0.2 5.1 5.6 4-9 6.3 11.2 
o.4 1.0 1.0 5.o 7.4 5.4 6.3 11.7 
0.1 0.2 0. 2 1.9 2.4 5.o 7.2 12.2 
o.4 0.2 0.3 4.1 5.o 4.9 6.3 11.2 
0.3 0.2 0.2 4.9 5.6 6.3 6.3 12.6 
0.4 0.3 0.2 4.6 5.5 4.9 6.3 11.2 
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Figure 9. Per cent total c2xboh.,vdrates for each side-oats 
grama series throug~1out the exper· ment. Control 
(solid line), Bl (short dashes), B2 (alternate 
long and short dashes), BJ (alternate long dashes 
and dots ), B4 (long dashes) and B5 (X). 
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By July 1 total carbohydrate content of series Bl had 
decreased 42 per cent since June 1. This was 21 per cent less 
than in the control and 44 per cent less than in B2 (Fig. 9) . The 
foliage yield obtained from series Bl was 26 per cent greater than 
that from series B2 (Table VIII). This may account for the low carbo-
hydrate content. 
During July carbohydrates in series Bl increased 60 per cent 
while the foliage yield increased 166 per cent. This is the reverse 
of the usual pattern and was probably due to the excellent growing 
conditions (Table III). 
On September 3, the carbohydrate content of series Bl reached a 
peak of 32.2 per cent which was the largest amount in any side-oats grama 
series throughout the experiment. Starch and fructosans made up 80 per 
cent of the total. Yield had decreased 41 per cent since August 2. The 
corresponding blue grama series was also at its peak in carbohydrates on 
this date . From September 3 to November 2 carboeydrates decreased 44 per 
cent. This decrease was similar to that in the corresponding blue grama 
series. On November 2 starch and fructosans made up 69 per cent and 
sucrose 27 per cent of the total carbohydrates. Carbohydrates were 32 per 
cent lower on November 2 than in the control (Fig. 9). 
Series B2, clipped for the first time June 1, 1956, (Table I), 
contained 14.6 per cent carbohydrates. This was 33 per cent less than 
that in series Bl . The total sugar content was 2.4 per cent, which was 
the smallest amount in side-oats grama during the experiment. The 
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corresponding blue grama series was also low in sugars at this time. 
By July 1 carbohydrates had increased to 22.8 per cent, while 
foliage yield had decreased 41 per cent to 430 pounds. The carbo-
hyu.rate content of series B2 was higher than that of either the control 
or series Bl. The fact that side-oats gram.a decreased in carbohydrates 
the second month following the initial clipping may be associated with 
the fact that, with its rhizomes, it had a larger storage capacity than 
the slender-rooted blue grama. 
Luring July, series B2 produced 281 per cent more foliage than 
during the previous month (Table VIII) , but carbohydrate content had 
changed very little. On August 2 sucrose content had decreased to 20 per 
cent of the total (Table XI). However , total carbohydrates were 
approximately 19 and 30 per cent greater than in the control and series 
BJ, respectively. 
On September 3 series B2 contained 25.9 per cent carbohydrates 
which was near the peak for the season (Fig. 9). The foliage height 
attained during August was the least for arry month during the second 
year . During the remainder of the season, carbohydrates continued to 
increase and reached a maximum of 27 . 0 per cent at the time of removal 
of the last sample on November 2 (Table I). Sucrose made up 20 per 
cent of the total and had fluctuated but little during the season 
(Table XI). 
Series B3 contained 15.7 per cent carbohydrates on August 2 after 
being initially clipped on July 1. This was less than in any of the other 
series and was the only treatment in which there was a decrease in carbo-
hydrates in the first month after clipping . One month later, carbohydrate 
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content had been raised to 27 . 5 per cent . On November 2, these grasses 
contained 24 . J per cent carbohydrates . This compares to 18 .1 per cent 
for Bl and 27 . O per cent for B2. Starch and fructosans made up 60 per cent 
of t he total carbohydrates in BJ, but sugar cont ent was higher than in t he 
series clipped earlier (Table XI) . 
Series B4, clipped for the f irst time on August 2, was second in 
yield only to BS, thus followin g the same trend as the corresponding blue 
grama series. It was 47 per cent lower in carbohydrates at the end of 
the seas on than the control and was also lower than any of t he other 
series . Like all other side-oats gr ama series, B4 increased the second 
month following clipping . This undoubtedly left the grass in a r elatively 
poor condition for the winter . 
Series BS, clipped for the first t i me on Septernner 3, had a total 
carbohydrate content of 16.8 per cent (Fig. 9). On l o·vember 2 it increased 
to 25 .1 per cent, which was less than that in B2 and B6. Starch and 
fructosans remained the same while sucrose i r creased 137 per cent 
(Table XI) . The corresponding series of blue grama did not exhibit t his 
increase in carbohydrates, but remained approximately the same from 
September to November. 
CROvJN n.ND ROOT DEVELOPMENT 
Blue Grama . At the close of the first season, the average diameter 
of the crowns for the control series was only 1.75 inches . The plant 
examined had 125 roots . Maximum root depth was 26 inches and lateral 
spread was 14 . Few of the main arrl branch roots extended below 14 inches . 
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Branching was very extensive in the top 6 i nches . 
At the close of t he second season the roots of the control had 
penetrated to 62 inches and had a lateral spread of 24 . Few of the 
branch roots penetrated below 51 inches . The plant examined had 
736 roots which were of fine texture and extensively branched in the 
upper 6 inches . The crown f rom series Al contained only 519 r oots and 
many of these were younc; root s around the edge of the crown (Fig. 10) . 
The average diameter of the crowns ranged from J . 5 to 4 . 5 inches (Fi g . 
11) . 
On ovember 2 the weights of the crowns ranged from 12. 7 to 19 . 8 grams 
(Table XII) . The crowns from the clipped series weighed approximately the 
same , except for B2 and B5 which weighed almost as much as the control . 
Side Oat s Grama. At the close of the first season the side-oats 
grama crowns averaged 2. 0 inches in diameter and had 205 main roots, 
which had penetrated to a depth of 42 inche~ and had a l ateral spread 
of 45 . As is characteristic of grasses in general, branching was 
extensive in the upper 6 inches . The cnowns from the control had 6 
rhizomes , the largest of which was 1 inch long and 1/8 inch in diameter. 
By July 1 all plants had young roots . Series B2 and the control 
had 6 and 12 rhizomes , respectively , but Bl had none. This suggests 
t hat clipping had prevented the f ormation of rhizomes . Roots were also 
present on the rhizomes from the control plant, but not on those of the 
clipped plants . 
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Figure 10. Crowns removed from series Bl (upper left), B6 
(upper right), Al (lower left), and A6 (lower 
r:ight) on November 2, 1956. The crowns from 
the unclipped series were larger and better 
developed than those clipped 5 times. Note the 
coarseness of the side-oats grama roots 
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Figure U. The crowns and top 4 inches of roots from series 
.Al (left) to series A6 (right) on November 2, 1956. 
Note the abundance of roots on the crown from 
series A6 
Series 
Al - Bl 
A2 - B2 
A3 - BJ 
A4 - B4 
A.5 - B.5 
A6 - B6 
Table XII. Crown weights for each blue grama and 
side-oats grama series at the close of 
the 19.56 growing season 
Weight in grams 





19.8 31 • .5 




On August 2 there were 2 small rhizomes on the plant from 
series Bl, while B2, BJ, and the control had 6, 5, and 12, respectively. 
However, by November 2 a single crown in the control series had 22 rhi-
zomes while the one from series Bl, B2, BJ, B4, and BS had 2, 15, 15, 14, 
and 20 rhizomes, respectively. Roots were present on the large rhizomes 
only (Fig . 12). The roots of the plant from the control penetrated to a 
maximum depth of 92 inches with considerable branching in the top 6 inches. 
The lateral spread was 51 inches as compared to 24 for the corresponding 
blue grama plant . The control plant had 1,052 roots which was 30 per cent 
more than the corresponding blue grama. The plant from series Bl had only 
514 which was approximately the same as the corresponding blue grama (Fig. 
10). This indica.tes that clipping had reduced root development more in .. 
side-oats grama than in the blue grama. 
The average diameter of the crowns of the side- oats grama ranged 
from 4.5 to 6.0 inches. This was slightly more tpan the diameter of the 
crowns of blue grama. Crowns from Bl, BS, and the control were larger 
than the others, but Bl was dead or dying in the center. On November 2 the 
weights ranged from 20.6 to 41.4 grams (T8ble XII). The clipped series were 
quite similar and weighed uuch less than those which had bee~ clipped only 
once or not at all. In both grasses the crown weights were proportional 
to the diameter, except for series Al and Bl where death had occurred in 
the center. 
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Figure 12. The crow-ns and top 4 inches of roots fro~n series 
Bl (left) to series B6 (right) on November 2, 19.56. 
Note the rhizomes present on the crowns from 
series B5 and B6 
l~ 
DI vU ::;I N 
Clippin · at yar i.0us tines iurint., the • rowi n,,. a on had about 
the same e feet on the y·elds 9.nd ar ohyclr "Le eontent b t.h a s~s. 
Both grasse' decreased in totc1l c~rbol,ydrat.e wht•n r ·n...,. rani.dly and 
i"lcreased during periods of slow growth. Dur'...1P per Lods ot' rapid rowth 
the plants apparently us d carbohydrrtes n e, ess f' thost: b 'in ro-
d teed . In most cases cc1rbohydrate stora e in t.h liPp d set·ie r ach-d 
a peak durin[. A 1gust, but the control did not rec1ch a p k unLil the 
finc1l ScUnple wa.s taken on November 2 . With the appron·h of dorrnan~y all 
clipped series showed decrease in cm-bohydratc s. J:ll 1 •ram d reased 
in carbohydrates purine the nonth follow-.i.nc• the ini t,i:u cliriplnr; an 
increased the second month . .Side- oats rra1na differed in Lbc1t l Tcbo-
eydr•3.te content eithe · remained approx:i.mr t.ely the s-u11· or incr a'°ed th 
first month followin,.i; the i n.iticll cl i.pping. 
Hi h yield<> were obta:i'1ed rom both ;r s - s when clippin ,ias deley d 
until September of thP second year . This is ccounted ror v I he f'1 ·t thnt, 
these pl::i.nts were allowed to 0row un heckc->d until Lh2t. LLme. In Lhe 
e:rasses of seriesA3 clipped initic11ly on July 2 pr oJuction o l' tot t'oJ:i a 
c1t the end of the experiment was less than wy of the other blu g ·ama 
series. However , BJ produced more folia •e t.han did the sid -oats ram~, 
series clipped earlier . 'rhis indi.cqtes tirt clippint. t t:: tarded rowth 
more in side- oat s grama thM in blue grarna . 
The total yield obtained fro111 side-oats ,.,r rru wa"" on i. Lently 
higher than from b l ue grama . :·or example , , · dE'-oats ~1 am.:. cl· PP"d only 
- -- - - -- - - --- -- - -
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at the close of the second season produced approximately 50 per 
cent more foliage than did the corresponding blue grama. This is 
related to the fact that side-oats grama is a mid grass, growing 
from 12 to 30 inches in height, while blue grama is a short grass, 
growing only from 6 to 12 inches. As long as growing conoitions are 
at least fair it is to be eArpected that side-oats grama will produce 
more foliage than the shorter blue grama. 
Largest partial yields from the series clipped most often through-
out the experiment were obtained from both grasses during July. The yield 
from series Al, A2, Bl and B2 for this month was more than the accumulated 
yield obtained during May and June. Average production during July and 
.August from series Al, A2, and A3 was approximately 73 per cent of their 
total yield. Hase (1940) working in this same area obtained yields of 
1,584 and 1,415 pounds per acre3 from blue grama and side-oats ~rarna, 
respectively. These yields were obtained at the end of a growi~: season 
during which the plants were well irrigated and corrpetition from weeds 
had been at a mininmm. This compares to yields of 3,000 and 6,058 pounds 
for blue grama and side-oats grama, respectively, during the present 
experiment . 
Fluctuations in carbohydrate content were due mainly to fructosans 
and occasionally to sucrose . Several times fructosan content tripled one 
month and then decreased approximately the same the following month. For 
3Presented in grams in original paper . 
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example fructosan content in series Al was 4.5 per cent on June 1 
and increased to 13.5 per cent by July 1. Variations in sucrose 
content were smaller. 
From September 3 to November 2 the sucrose content of all grasses 
either increased or remained approximately the same (Fig. 13). At the 
same time starch and fructosans usually decreased. Sucrose increased 
most in the control. 
'I'he crowns from series Al, AJ, A4, and the corresponding side-
oats grama crowns plus B2 were relatively low in weight and carbohyc~ate 
content. The diruneter of the crowns ~rom series Al and Bl was large, but 
their weights were low due to death of older parts in the center. The 
largest and heaviest were from the control and from the series clipped 
on].Jr once. Also they had more roots, rhizomes, and carbohydrates than 
the clipped series. 
This experiment was conducted only 2 years, but results obtained under 
these conditions indicate that if it is necessary toutilize a seeded area 
during the first 2 years it would be best to delay grazing until September 
of the second growing season. The results show that grass clipped at this 
time will produce a large yield and still maintain adequate stored carbo-
hydrates. It appears that grazing started during August might result in a 
high yield, but the storage of carbob;)rdrates would be a a minimum. If 
the seeded area was grazed throughout the second growing season, low yields, 
low carbohydrate content, and poorly developed root systems would probably 
result. This would lead to reduced vigor, fewer seed stalks and viable seeds, 
and more winter killing. 
-
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Figure 13. Total sugar (black) and hydrolyzed carbohydrates 
(dots) for blue grama (right) and side- oats grama 




A field and laboratory study was made during 1955 and 1956 to 
determine the effects of different t:iJnes of clipping on the yield and 
carbol:zy"drate co~tent of seeded blue grama (Bouteloua gracilis) and 
side-oats grama (Bouteloua curtipendula). These grasses were seeded on 
April 18, 1955. Deficient rainfall was supplemented by irrigation as 
necessary. 
The experimental area was divided into plot A and plot B. Each 
plot was divided into 6 series and further divided into 6 quadrats. 
Series .A6 and B6 were not clipped during the experiment. Series Al and 
Bl were first clipped on September 1, 1955, and on the first of each 
month throughout the 1956 growing season. Seri~s .A2 and B2, AJ and BJ, 
and B4, AS and BS were first clipped on June 1, July 1, August 2, and 
September 3, 1956, respectively, and on the first of each succeeding month 
thereafter. Blue grama was clipped at a height of 2 inches wnile side-
oats grama was clipped at 3 inches. The herbabe removed was air dried, 
weighed, and converted to pounds per acre. 
A sample 6 inches square and 4 inches deep was removed each month 
of the growing season from September, 1955, to November, 1956, from the 
unclipped series. A similar san~le was removed from each clipped series 
a month following initial clipping. 
Ascendin,., paper chromatography was used for the qualitative and 
quantitative determinations of reducing sugars, sucrose, starch, an:l. 
fructosans. 
The yield obtained from series A5 and BS were 3,000 and 6,058 pounds 
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per acre, respectively. The smallest yield, 2,324 pounds, was pro-
duced by series AJ. Lowest yield for side-oats grama was the 3,229 
pounds produced by B2. 
Carbohydrate reserves followed a pattern close~v related to the 
rate of grcwth. Amount stored decreased when growth was rapid and 
increased when it was slow. 
The carbohydrate content of series Al was 28.8 per cent on July 1, 
1956, after a month of slow growth. However, growth was rapid during 
July and it decreased to 15.0 per cent~ Series Al reached a peak of 34.3 
per cent on September 3 and decreased to 23.8 per cent on November 2. Ey 
November 2 series A4 had the least amount of carbohydrates of all series. 
Series A5, had 24.8 per cent less than the control, which reached a peak 
of 31.4 per cent. 
Sucrose content in blue grama always increased with the approach 
of dormancy, while starch and fructosans remained approximately the same 
or decreased. For example, sucrose increased in A5 from 8.4 to 11.5 per 
cent from September 3 to November 2, while starch decreased from 6.3 to 
4.9 per cent and fructosans from 8.S to 6.3 per cent. 
The carbohydrate content in series Bl reached a peak of 32.1 per 
cent on September 3, 1956, and decreased to 18.1 per cent on November 2. 
Like blue grama, B4 was the lowest in carbohydrates. Bl had 39.9 per 
cent less than the control, which had a maximum of 30.1 per cent on 
November 2. Starch and fructosans were the largest contributors to the 
reserve foods and in most cases made up at least 70 per cent of the 
total. 
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The blue grama crowns removed from tre control at the end of 
the experiment weighed 18.9 grams and had 736 roots; a crown from 
.Al weighed 14.6 grams and had 519 roots. The crown from B6 weighed 
41.4 grams and had 22 rhizomes and 1,052 roots while the one from 
Bl weighed 21.8 grams and had 2 rhizomes and 514 roots. 
The effects of early and continued clipping on these newly 
seeded grasses were reduced vigor, yield, root reserves, quantity 
and size of roots, and size of crowns. 
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